Abstract Present study was undertaken to investigate the cause of deaths of peafowls in Haryana State.
natural reservoir of the virus [4, 25] . Many species of birds suffer from the natural infection from APMV-1 including the peafowls [14] .
NDV is classified under the genus Avulavirus, subfamily Paramyxovirinae, family Paramyxoviridae and order Mononegavirales [5] . It is an enveloped virus and has a negative-sense, non-segmented, single stranded RNA genome of approximately 15 kb in length [5, 10, 19] . The genome encodes six structural and two non-structural proteins [19] . According to their virulence in poultry, APMV-1 isolates can be classified as lentogenic, mesogenic or velogenic. The lentogenic strains are the least virulent while the mesogenic strains are moderately virulent and cause moderate respiratory signs with occasional nervous signs [5] . The lentogenic strains have been detected in both domestic poultry [15, 18] and wild bird populations [13, 17, 18] . Velogenic strains are the most virulent, infecting birds of all age groups with clinical findings of nervous signs or extensive hemorrhagic lesions in the gastrointestinal tract.
The pathogenicity determinants of NDV are based on the intracerebral pathogenicity index (ICPI) in day-old chicks, the intravenous pathogenicity index (IVPI) in 6-week-old chickens, or the mean death time in chicken embryos [3] . However, these tests are labour intensive and time consuming [1, 2] . Modern molecular techniques like polymerase chain reaction (PCR) and the amino acid sequence at the F0 protein cleavage site (111-117 amino acid) have been frequently used all over the world to detect and type NDV in the field samples [9, 12, 16, 21, 22] . According to the current World Organization for Animal Health definition, the assessment of virus virulence is based on the ICPI test and the amino acid sequence at the F0 protein cleavage site. Multiple basic amino acids have been demonstrated in the virus at the C terminus of the F2 protein and phenylalanine at residue 117, which is the N terminus of the F1 protein. NDV strains that are virulent for chickens contain at least three basic residues (lysine and arginine [K and R] ) between positions 113 and 116 at the C terminus of the F2 protein (cleavage site motif 111 GRRQKR/F 117 ) and phenylalanine (F) at the N terminus of the F1 protein (residue 117). As a result, the precursor protein of virulent viruses is more susceptible to cleavage by the ubiquitous proteases present in different tissues of the host [8] . Strains of low virulence have fewer basic amino acid residues at the C terminus of the F2 protein, leucine (L) at position 117 (cleavage site motif 112G/E-K/ R-Q-G/E-R-L117), and trypsin-like proteases are required to cleave their precursor. The mesogenic and velogenic viruses cannot be differentiated on the basis of the nucleotide sequence of the F0 proteolytic cleavage site.
During July to September 2012, there were several deaths of peafowl in Gurgoan Faridabad and Jhajjar districts of Haryana. In total, 145 birds were reported sick (45 from Gurgoan, 36 from Jhajjar and 64 from Faridabad) while 28 birds were reported dead (12 from Gurgoan, 7 from Jhajjar and 9 from Faridabad). From these outbreaks samples were collected for this study as detailed in Table 1 of Supplmentary material. Similar outbreaks were also reported later on from Sonipat and Bahadurgarh districts of Haryana, however no samples were collected from these outbreaks. Some of the sick birds were showing signs of nervous system involvement including shaking of heads, torticollis and paresis. Necropsy findings included congestion in intestine and brain.
Since the postmortem lesions were not pointing towards a specific infection in birds therefore tissue, blood and cloacal swab samples from sick birds, brain and intestinal tissues from dead birds were collected for further investigation. This study describes the diagnosis, isolation and molecular characterization of NDV in samples collected from peacocks of Haryana.
A total of 20 tissue and swab samples were collected in 50 % buffered glycerin from peafowls which included dead and sick birds ( Table 1 of Supplmentary material). Of these, 15 were tissue samples (brain, trachea and lung) and 5 were oral and cloacal swab samples. Also five blood samples were collected from clinically sick birds for serological examination (Table 1 of Supplmentary material). The tissue samples after collection, were kept at -20°C till processed. The HI test was performed on five sera samples (as listed in Table 1 of Supplmentary material) using 1 % chicken RBCs using standard protocol [7] .
A sample of brain tissue (NDV/IND2012/01) was triturated and homogenized in PBS with antibiotics (penicillin 1,000 IU/ml and streptomycin 1,000 lg/ml) making up a 10 % (w/v) solution. The 10 % suspension was clarified by centrifugation at 2,5009g for 15 min. The supernatant was collected and stored at -20°C until further use. Part of this suspension was used for RNA isolation for RT-PCR and part was inoculated onto to Vero cell culture after filtration through 0.22 micron filter for virus isolation. Monolayers of African green monkey kidney (Vero) cell line grown in 25 cm 2 tissue culture flasks were inoculated with sample supernatant. Following incubation at 37°C for 1 h maintenance media (Eagle MEM) without fetal calf serum (FCS) and with antibiotics (penicillin 10,000 UI/ml, streptomycin 100 lg/ml) was added. The flasks were incubated at 37°C and were observed daily for the appearance of cytopathic effects (CPE) for up to 7 days post-inoculation. When 100 % CPE was observed, the flasks were frozen at -20°C. The virus was harvested after two freeze-thaw cycles. Five blind passages were carried out for this sample.
Total RNA from the suspected samples was extracted using TRIzol reagent (Life Technologies, USA) as per the manufacturer's protocol. In brief, about 100 mg of the suspected tissue was homogenized in pestle and mortar with 1.0 ml PBS buffer to make 10 % w/v suspension. The 10 % suspension was clarified by centrifugation at 2,5009g for 15 min. The supernatant (600 ll) was collected and mixed vigorously with 1.0 ml of TRIzol. 0.2 ml of chloroform was then added per 1 ml of TRIzol reagent. Samples were vortexed vigorously for 15 s and incubated at room temperature for 2-3 min. The samples were centrifuged at no more than 12,0009g for 15 min. After phase separation, RNA remains exclusively in the upper aqueous phase. Upper aqueous phase was transferred carefully into fresh tube without disturbing the interphase. The RNA was precipitated from the aqueous phase by mixing with isopropyl alcohol. 0.5 ml of isopropyl alcohol per 1 ml of TRIzol reagent was used for the initial homogenization. Samples were incubated at 15-30°C for 10 min and centrifuged at not more than 12,0009g for 10 min. The RNA pellet was washed with 75 % ethanol, by adding at least 1 ml of 75 % ethanol per 1 ml of TRIzol reagent. The samples were mix by vortexing and centrifuged at 7,5009g for 5 min. The RNA pellet was air dried and dissolved in 30 ll RNase free water and then stored at -20°C till used. The same protocol was followed for RNA extraction from the cloacal swab samples with initial differences in reconstitution of swab in 600 ll of PBS.
RT-PCR was performed on purified RNA samples using Super script III one step RT-PCR platinum Taq Hifi Kit (Invitrogen). Fusion protein cleavage site (FPCS) specific primers [24] were used in the PCR reaction. One step RT-PCR cycling parameters were kept as per the manufacturers guidelines i.e. one cycle of cDNA synthesis at 55°C for 30 min followed by pre-denaturation at 94°C for 2 min and further amplification was carried out for 40 cycles of 94°C for 15 s, 53°C for 30 s, 68°C for 1 min with final extension at 68°C for 5 min. Nested PCR was performed using 6 ll of amplicon from previous step and 10 pmol each of the forward and reverse primers (ND3 & ND4) in a total volume of 50 ll reaction mix containing 25 ll 2X Top Taq PCR Master Mix Kit (Qiagen).The incubation temperature and duration of each cycle of the PCR were 94°C 9 1 min for denaturation, 52°C 9 45 s for annealing and 72°C 9 45 s for extension. The amplification was carried out for 35 cycles with final extension at 72°C for 10 min. The PCR products (6 ll aliquots) were separated on 1.5 % agarose gel with ethidium bromide. For determining the DNA segment size, the 1 kb DNA marker (Fermentas) was used.
RT-nPCR amplified products were gel purified using Qiaquick gel extraction kit (Qiagen) and sequenced from both direction in Automated genetic analyser (ABI 3130XL) using BigDye terminator v3.1 cycle sequencing kit from Applied Biosystems. Cycle sequencing PCR was performed using standard protocol. The sequence data generated was assembled using SeqMan programme of the Lasergene software ver 5.0 and was subjected to BLAST analysis for comparison with other available F gene sequences in Genbank. Sequences were aligned CLUSTAL W programme implemented in BioEdit (7.0.5.3) programme. Aligned sequences were used for phylogenetic analysis using MEGA 5.0 programme [26] . The nucleotide sequence identities were calculated using MEGA 5.0 programme.
This study was conducted to isolate and characterize NDV virus from sick/dead peafowls in Haryana. Sick birds were showing nervous sign including shaking of heads, torticollis, incoordination and inability to fly (Fig. 1) . Clinical nervous signs in sick peafowls were suggestive of NDV infection. Mortality in peacock was observed with congestion of lungs and intestinal mucosa. NDV outbreaks in peafowls have been reported earlier from India and other part of the world [14, 28] . Contrary to our findings Vijayarani et al. [28] reported the absence of characteristics NDV signs in birds. Postmortem lesions that included congestion in lungs and intestinal mucosa were similar to those observed previously by Vijayarani et al. [28] and were also indicative of NDV infection.
HI test reveled that three out of the 5 sera samples (60 %), were negative for HI antibodies to NDV. However, one of the serum samples (NDV/IND2012/21) was strong positive for anti NDV antibodies with a titer of 1:32, while the other serum sample was weak positive (NDV/IND2012/23) with a HI titer of 1:8 only.
Since the peacocks are generally not vaccinated against NDV, the detection of HI antibodies against NDV indicates that these peacocks had NDV infection. This correlates with the history and RT-nPCR results. The result of this study partially agreed with the findings of Manin et al. [20] , who successfully detected and differentiated NDV from the field samples by HI test using NDV specific polyclonal serum.
In order to adapt NDV on African green monkey kidney (Vero) cell line, five consecutive passages (designated as Fig. 1 Peacocks showing paresis of wings, inability to fly P1 to P5) were done. During first and second passage, wild NDV didn't produce any clear evidence of cytopathic effect (CPE), but in third passage characteristics changes in the cell monolayer were observed. During fourth and fifth passages, clear and consistent CPE was observed within 48-72 h of infection (Fig. 1 of Supplmentary material) . CPE was characterized by formation of syncytium, giant cell, dendritic-shaped cell and finally plaque. The P3, P4 and P5 were tested for the NDV RNA by RT-nPCR. Presence of correct sized amplicon (216 bp) in all three passages confirmed the presence of NDV (data not shown).
RT-nPCR on all 20 samples resulted in amplification of expected sized F gene amplicon (216 bp amplicon) indicating the presence of NDV genome in all the samples. Figure 2 shows amplification in five samples. The amplicons from NDV/IND2012/01 and NDV/IND2012/02 were sequenced directly using nested PCR primers as sequencing primers. BLAST analysis of sequences from these samples showed a maximum of 98 % nucleotide identity to published sequence of F gene of NDV, confirming the presence of NDV in these samples.
Virulence determinants of NDV are controlled by multiple genetic factors which are not completely understood, however, multibasic amino acid sequence at FPCS has been postulated as an absolute pre-requisite and major determinant of NDV virulence [11] . The fusion gene of virulent NDVs is characterized by the presence of a pair of dibasic amino acids at the cleavage site while in lentogenic strains it is characterized by the presence of monobasic amino acids. Velogenic/mesogenic strains possess a multibasic FPCS followed by phenylalanine at position 117.
The deduced amino acid sequence from nucleotide sequences of peacock samples (NDV/IND2012/01 and NDV/IND2012/02) carried the characteristic amino acid motif ( 111 GRRQKR/F 117 ) in FPCS site which is indicative of the presence of virulent NDV in peafowls. Earlier, Vijayarani et al. [28] reported amino acid motif ( 111 GRRQRRF 117 ) in FPCS site of NDV isolated from peacock from southern part (Chennai) of India. The FPCS sequences obtained in the current study and that reported by Vijayarani et al. [28] , differed at position 115 where arginine was replaced by lysine. Both Indian strains as reported by Vijayarani et al. [28] , and the one used in this study had two cleavage-site sequences that were each consistent with a virulent pathotype and valogenic nature of the virus. Circulation of multiple genotypes of NDV in India has been recently reported based on the FPCS [27] .
Phylogenetic analysis of the partial F gene nucleotide sequences (216 bp) of NDV/IND2012/01 and NDV/ IND2012/02, was done by comparing them to already published sequences of both class I and class II categories of NDVs, using neighbor-joining methods and p-distance matrices implemented in MEGA software version 5.0 [26] . These analyses have shown that the virus belongs to Class II genotype VII closely related to virus isolates originated from outbreaks in Western Europe, Israel, Indonesia and Taiwan with nucleotide identity levels up to 98 % (Fig. 3a,  b) . NDV/IND2012/01 and NDV/IND2012/02 are very highly closely related with 99 % nucleotide identities among them. Phylogenetic grouping of the virus and sequence of FPCS is indicative of pathogenic potential of virus strain circulating in peacocks in Haryana. These results also indicated that these NDV strains from peacock are genotypically related to isolates recovered from a variety of avian species and few velogenic (Iowa/Salsbury, Beaudette) and mesogenic strains (Michigan) of exotic origin within class II, genotype VII.
After Vijayarani et al. [28] , this is the 2nd report of NDV from peacocks. Vijayarani et al. [28] reported the prevalence and circulation of genotype II virus in Southern India in peacocks. To the best of our knowledge perhaps is the first confirmatory report of presence of genotype VII from Peacocks in India based on F gene phylogeny and FPCS sequence. Although Tirumurugaan et al. [27] has recently described the presence of genotype VII in different bird species (other than peacocks) in India employing the FPCS sequence classification system. In the class II NDV, the genotypes namely V, VI, VII and VIII have been shown to possess only the virulent viruses and indicated to be the predominant genotypes circulating world-wide [23] . The genotypes V, VI, VII, VIII and X have been reported to have emerged after 1960 [27, 29] .
The nucleotide similarity in the fusion gene fragment of NDVs studied here to other NDV lineages was in the range of 70-98 %, with highest sequence identity with outbreak strains from Western Europe, Israel, Indonesia, Taiwan and other Indian strains. This is suggestive of wide distribution of pathogenic NDV of genotype VII. These circulating field strains also differed from vaccine strains. The wild birds are considered to be the natural reservoir of NDV and are responsible for ND outbreaks in susceptible host. The isolation of virulent strain of NDV with morbidity and mortality in peacock in the study is suggestive of peacock being the natural host for NDV.
In conclusion the data presented here provide evidence of divergence in circulating virulent strains within an outbreak in peacock in Haryana, India. These circulating field strains also differed from vaccine strains. The presence of virulent NDV in wild birds which are causing a series of ND outbreaks (as reported in this study) is Fig. 3 a Unrooted neighbourjoining phylogenetic tree using partial F gene sequences (282-478 bp). b Unrooted neighbour-joining phylogenetic tree using partial F gene sequences (282-478 bp) of genotype VII. The trees were constructed using a p-distance algorithm and pairwise deletion parameters. Texas show GenBank accession numbers and geographic origin of strains that were compared. Bootstrap values (%) are represented at each tree node. Node support was assessed with 500 bootstrap pseudo-replicates. The NDV/ IND2012/01 and NDV/ IND2012/02 strains from Haryana characterized in this study are indicated in blue colour and bold font indicative of the threat posed by reservoir hosts in domesticated birds. It would be wise for any control programme of ND to address this problem with a view to control NDV infections in wild birds.
